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Abstract 
Lnmunohistochemical techniques have been utilized in order 
to determine the spatial and temporal distribution of a variety of 
neuropeptides in the genitourinary apparatus in a series of 
human male fetuses and two postnatal specimens aged 8 and 
12 weeks post partum. The prenatal specimens were acquired 
following therapeutic abortion with gestational ages ranging 
from 13 weeks to 35 weeks. The two postnatal specimens were 
obtained at post-mortem. The total innervation in each 
specimen was visualized using the general nerve marker protein 
gene product 9.5 (PGP). Localization of dopamine beta-
hydroxylase (DpH) and tyrosine hydroxylase (TH) revealed 
putative noradrenergic nerves. The neuropeptides studied 
included neuropeptide Y (NPY), vasoactive intestinal 
polypeptide (VIP), substance P (SP)，enkephalin (ENK), 
bombesin (BOM), somatostatin (SOM) and calcitonin gene-
related peptide (CGRP). 
In all the specimens examined, rich plexuses of 
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PGP- and NPY-immunoreactive (-IR) nerves were present 
within the detrusor muscle of the bladder wall. As 
gestational age increased VIP, SP and CGRP-containing nerves 
were observed with increasing frequency although SP, BOM, 
ENK, SOM and CGRP were mainly confined to perivascular 
nerve plexuses. In each specimen examined, the density of 
PGP-IR nerves supplying the terminal ureters was less than that 
in the detrusor. TH- and DpH- containing nerves were first 
observed in the intramural ureters at 30 weeks and the detrusor 
muscle at 35 weeks and were relatively numerous in the 
intramural ureters and superficial trigone in the two postnatal 
specimens. Thus the development of presumptive 
noradrenergic nerves supplying the lower urinary tract lags 
behind the development of the presumptive cholinergic 
innervation of detrusor muscle. 
PGP-IR nerves were very sparse beneath the 
bladder epithelium at 13 weeks but gradually became more 
numerous with increasing gestational age. Occasional NPY-, 
VIP-, SP- and CGRP-containing nerves were observed in the 
iv 
submucosa throughout the bladder but TH and E(5H-IR nerves 
were especially numerous in the mucosa of the trigone in the 
two postnatal specimens, many such nerves being unrelated to 
the vascular supply. The fonctional significance of these 
nerves remains uncertain. 
In contrast to the detrusor muscle of the urinaiy 
bladder, the muscle coat of the vas deferens and seminal vesicle 
did not contain PGP-IR nerves throughout its foil thickness 
until 26 weeks. The majority of these nerves were presumed 
to be noradrenergic, containing both TH and D(3H, while 
some also contained either NPY or ENK. NPY-IR nerves also 
occured beneath the epithelium of these organs while VIP 
was mainly absent from this location in marked contost to that 
reported in adults. SP- and CGRP-IR nerves formed only a 
minor component of the total innervation of these organs and 
were mainly confined to perivascular plexuses. At 23 weeks 
of gestation tall columnar SOM-IR epithelial cells were 
first observed in the epithelial lining of the seminal vesicle 
which were considered to belong to the APUD (endocrine-
V 
paracrine) cell family. 
The density ofPGP-IR nerves in the prostate 
increased in relation to the increasing amounts of prostatic 
glandular epithelium and the development of smooth muscle 
tissue in the stroma. Thus between 13 and 17 weeks 
occasional PGP-IR nerve fibers were present only in the 
capsule but by 26 weeks PGP-IR nerves were observed in all 
regions of the gland, some innervating the smooth muscle 
bundles and other nerves forming subepithelial and perivascular 
plexuses. NPY-IR nerves had a similar distribution but were 
fewer in number while DpH- and ENK-IR nerves were only 
found in association with the smooth muscle bundles. Sparse 
ENK- and SOM-IR but not DpH-IR nerves also occured under 
the epithelium. VIP-IR nerves had a similar distribution to NPY 
but were markedly less numerous. BOM-IR nerves was first 
seen in the prostate at 17 weeks of gestation forming 
perivascular plexuses. At 20 weeks occasional SP-, CGRP-, 
SOM-IR nerves were also seen in these locations. At 30 weeks 
of gestation numerous APUD cells immunoreactive for either 
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BOM or SOM were present in the prostatic epithelium. 
Numerous autonomic ganglia were present around 
the bladder neck and on the posterior aspect of the prostate the 
constituent ganglion cells of which were immunopositive for 
PGP. Occasional clusters of paraganglion cells were also 
present，the constituent cells staining negatively with PGP but 
strongly positive for D^H. The majority of the autonomic 
ganglion cells contained NP Y, a smaller number contained VIP 
and / or CGRP, while occasional cells were immunoreactive for 
SP，ENK, BRA and SOM. In sections processed for the 
demonsfration of TH approximately 56% of ganglion cells 
were TH-positive (presumptive noradrenergic) and 44% of 
cells were TH-negative (presumptive cholinergic). 
Many of the ganglion cells were surrounded by 
branching ENK-IR varicose nerve fibers while occasional VIP-, 
SP- and CGRP-IR fibers were also observed within some 
ganglia. 
In summary the results of this study have provided 
detailed information on the spatial and temporal distribution of 
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various neuropeptides in the developing human genitourinary 
system. In particular a marked contrast has been demonstrated 
between the development of autonomic nerves supplying the 
lower urinary tract and those supplying the genital organs. 
Presumptive cholinergic, NPY-containing nerves were present 
throughout the bladder detrusor as early as 13 weeks of 
gestation but noradrenergic ( TH and DpH-containing) nerves 
within the ureters and bladder were not detected until 30 and 
35 weeks respectively. In contrast the autonomic innervation 
to the vas deferens, seminal vesicle and prostate developed 
more gradually but noradrenergic nerves were found in 
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Review of literature 
The genitourinary organs of various mammalian 
species, including the human, are innervated by both cholinergic 
and noradrenergic nerves (Shirai et al. 1973; Ek et al. 1977; 
Gosling et al. 1977; Aim. 1978; Kluck. 1980; Elbadawi 1982; 
Aim 1982; McConnell et al. 1982; Cowan & Daniel 1983; 
Wadhwa & Bijlani 1984; Dixon & Gosling 1987; Edyvane et 
al., 1992). In addition to the presence of the classical 
neurotransmitters acetylcholine and noradrenaline, autonomic 
motor nerves supplying the lower urinary tract and genital 
organs also contain immuno-histochemically localized 
neuropeptides such as neuropeptide Y (NPY), vasoactive 
intestinal polypeptide (VIP), substance P (SP), bradykinin 
(BRA), bombesin (BOM), met-enkephelin (m-ENK), 
somatostatin (SOM) and calcitonin gene-related peptide 
(CGRP) (Gu & Restorick et al. 1983; Gu & Polak et al. 1983; 
Gu & Blank et al. 1984; Klarskov et al. 1984; Polak et al. 1984; 
Mundy. 1984; Vaalasti et al. 1986; Wadhwa & Bijlani 1988; 
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Scultety. 1989; Allen et al. 1990; Crowe & Bumstock，1989; 
Crowe & Chappie et al. 1991; Crowe & Light et al., 1986; 
Crowe & Moss et al. 1991; Edyvane et al. 1992; Dixon et al. 
1 "4 ) which may act as neuromodulators or neurotransmitters. 
In addition sensory nerves supplying the genitourinary tract may 
also contain one or more of the neuropeptides mentioned above. 
Indeed a number of previous studies have 
demonstrated the presence and differential distribution patterns 
of peptide-containing nerves supplying the adult human urinary 
bladder (McConnell et al. 1982; Gu & Restorick et al.1983; 
Polak & Bloom, 1984; Mundy. 1984; Gu & Polak et al. 1984; 
Klarskov et al. 1984; Vaalasti et all986; Scultety 1989; Crowe 
& Chappie et al. 1991; Crowe & Moss et al. 1991; Chappie et 
al. 1992), bladder neck ( Crowe et al. 1986; Crowe & Bumstock 
1989)，ureters (Scultety. 1989; Allen et al. 1990; Edyvane et al. 
1992; Karahan 1993; Dixon et al. 1994), vas deferens and 
seminal vesicles (Cohen et al. 1979; Vaalasti et al. 1980; Aim 
1982; McConnell et al. 1982; Gu et al. 1983; Polak & Bloom 
1984; Vaalasti et al. 1986; Bumstock 1986; Gosling & Dixon 
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1994), prostate (Vaalasti et al. 1980; Gu et al. 1983; Polak & 
Bloom 1984; Vaalasti et al. 1986; Crowe et al. 1991;) and the 
urethra (Klarskov et al. 1984; Crowe et al. 1986; Crowe & 
Burnstock 1989). Similar studies using fetal or neonatal 
material have rarely been reported (Wadhwa & Bijlani 1983, 
1984,1988; Gosling & Dixon 1994) and thus infomiation 
concerning the onset and development of this peptidergic 
innervation to the human genito-urinary system is lacking. 
In 1983, Wadhwa and Bijlani reported the results 
of a study of the urinary bladder in nine human fetuses ranging 
from 8 to 25 weeks using silver staining technique to 
demonstrate intrinsic nerves. Nerve fibers were seen to invade 
the detrusor muscle during the 11th week and the presence of 
numerous autonomic ganglia near the bladder wall was reported. 
These authors subsequently extended their study 
(Wadhwa & Bijlani，1984) to include electron microscopy and 
tiie use of glyoxylic acid method to demonstrate noradrenergic 
nerves which first become apparent in the bladder wall at 16 
weeks. This study reported that the cholinergic innervation to 
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the detrusor muscle as shown by staining for acetyl-
cholinesterase developed earlier than the adrenergic nerves. 
Their results directly contradicted the conclusion of an earlier 
electron microscope study by Hoyes et al. (1973) which 
indicated the possibility of a predominant sympathetic 
innervation of the human urinary bladder muscle, based on the 
presence of small granulated vesicles in the intramuscular nerve 
terminals. 
The only previous study of the development of 
neuropeptides in the human urinary bladder was by Wadhwa 
and Bijlani (1988) who examined the distribution of substance P 
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in eight fetal specimens ranging in age from 12 to 26 weeks. At 
12 weeks very occasional fibres were seen in the trigone, 
submucosa and bladder wall while other fine fibres formed 
perivascular plexuses. Increasing amounts of SP-positive fibres 
were found in the older specimens with occasional fibres being 
seen within the transitional epithelium. To the author's 
knowledge there are no reports to date of immunohistochemical 
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studies on human fetal genital organs or on the distribution of 
peptides other than substance Pin the human fetal urinary tract. 
Gosling and Dixon (1994) reported briefly on the 
presence ofD(3H and NPY containing nerves in the muscle coat 
of the postnatal human vas deferens and commented on the 
absence of VIP from the subepithelial nerves. This finding is in 
marked contrasts to the adult vas deferens which possessed an 
extensive subepithelial plexus of VIP-containing nerves. These 
authors suggested that either a second subepithelial nerve plexus 
develops prior to puberty or else the pre-existing nerves 
acquired VIP in response to the upsurge in circulating androgens 
that occurs with sexual maturity. 
In the present study, the spatial and temporal 
distribution of various neuropeptides within the genitourinary 
organs was studied in a series of human male fetal specimens 
ranging in gestational age from 13 weeks to 35 weeks. In 
addition，two postnatal specimens of 8 and 12 weeks were also 
included in the study. Peptide-containing nerves were examined 
in the context of the developing total innervation as defined by 
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protein gene product 9.5 (PGP) a general nerve marker. PGP is 
a neuron-specific cytoplasmic protein originally detected by 
two-dimensional polyaciylamide gel electrophoresis in human 
brain extract (Jackson and Thompson, 1981) and is now widely 
used as a general nerve and neuro-endocrine marker (Thompson 
etal. 1983). 
Many previous studies on the innervation of the 
human genitourinary organs have attempted to identify 
cholinergic nerves by using a histochemical technique to 
demonstrate acetyl-cholinesterase (AChE). However this 
technique is known to be non-specific since AChE is present not 
only in cholinergic neurons but also sensory nerves and some 
noradrenergic nerves (Burnstock, 1978). This technique was 
not attempted in the present study since it requires fresh-frozen 
tissue for optimum localization, a situation which would be 
difficult to achieve in the case of human fetal material. 
In the present study presumptive noradrenergic 
nerves have been demonstrated by the immunolocalization of 
dopamine-beta-hydroxylase (DpH) an enzyme involved in the 
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synthesis of noradrenaline and also tyrosine hydroxylase (TH) 
an enzyme involved in the formation of dopamine. 
In conclusion it was hoped that studies such as this 
might further our understanding of the development of 
neurological control within the genitourinary system and also 





Materials and Methods 
2.1 Collection and preparation of tissues 
Tissues from a series of 15 human fetuses ranging 
in gestational age from 13 weeks to 35 weeks together with two 
postnatal specimens aged 8 and 12 weeks obtained at 
postmortem were included in this study (Table I，page 12). The 
fetuses were obtained following miscarriage or legal abortion, 
and the collection of tissue conformed with the ethical standards 
of the institutions from which they were obtained. 
Gestational age was determined by measurement of 
fetal crown-rump length, together with details of maternal 
history. In each case, the genitourinary organs were removed in 
toto from the pelvis and fixed by immersion in Zamboni's 
solution for at least 6 hours (Table Ila, page 13), followed by 
several washes in the cryo-protectant phosphate buffered saline 
(PBS) -sucrose. Tissue blocks were prepared by orientating the 
specimens on cryostat tissue holders, covered in Tissue-Tek 
(Elkhart U.S.A.) and freezing in 2-methylbutane cooled in liquid 
8 
nitrogen. The blocks were than stored at -70 degrees Celsius 
(Foraia Scientific Bio-Frezer) prior to sectioning in a cryostat 
(Cryocut 1800，Reichert-Jung). Serial sections，10 to 15 脾 in 
thickness were cut, mounted on poly-L-lysine coated slides and 
air dried. Every tenth slide was stained with Masson’s trichrome 
stain and the remainder were processed for Immuno-
histochemical staining as appropriate. 
2.2 Immunofluorecence 
Protein gene product 9.5 (PGP), vasoactive 
intestinal polypeptide (VIP)，calcitonin gene related peptide 
(CGRP), substance P (SP), neuropeptide Y (NPY), dopamine P-
hydroxylase (D|5H), met-enkephalin (m-ENK), bombesin 
(BOM), bradykinin (BRA), somatostatin (SOM) and tyrosine 
hydroxylase (TH) immunoreactivity was demonstrated by using 
an indirect fluorescence technique. The tissue sections mounted 
on coated slides were washed at room temperature in 
three changes of PBS containing 0.05% sodium azide, 1% 
bovine serum albumin and 0.1% triton and then treated with 
1.5% goat serum in phosphate buffered saline (PBS) for 30 
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minutes (ABC Kit, Vector Lab，USA) in an attempt to reduce 
the nonspecific staining. The sections were then incubated for 
18 hours with polyclonal antisera at the appropriate dilutions as 
shown in Table lib (page 14). All antisera showed no cross 
reactivity to other peptides (maker specifications) and non-
specific interactions were excluded by performing incubations 
with omission of primary antibodies and by replacing the 
primary antisera with exact concentration of rabbit serum. 
The sites of antigen-antibody reaction were 
revealed by incubating each section for one hour at room 
temperature with biotinylated anti-rabbit or anti- mouse 
antiserum (BA 1000 & BA 2000, dilution 1:200; Vector Lab, 
USA) followed by fluorescein isothyocyanate-labelled avidin D 
(Vector Lab, USA) for an additional hour. The preparations 
were washed in three changes of PBS, mounted in glycerol / 
PBS mountant and viewed using a Zeiss microscope equipped 
with epifluorescence and appropriate excitor and barrier filters 
Blue 450-490 nm LP 520 (447753), Ziess，Germany). Photo-
10 
micrographs were recorded using Fujichrome (400 ASA) film or 




Specimens included in this study 
Crgfwi-rump length (cm) Estimated age (fetal) 
12.0 13 weeks 
17 weeks 
1 4 0 20 weeks 
14.0 20 weeks 
14.0 20 weeks 
14.5 21 weeks 
16.5 21 weeks 
21.0 22 weeks 
18.0 23 weeks 
19.0 23 weeks 
25.0 23 weeks 
24.0 26 weeks 
27.0* 27 weeks 
26.7 30.5 weeks 
28.2* 35 weeks 
Actual Age (Postnatal) 
8 weeks 
12 weeks 
* Female fetal specimens that were included in observations 





Paraformaldehyde 20 gm 
Picric acid 150 ml 
Na2H2P04 H 2O 3.8 gm 




Antibody/ Type Dilution Manufacturer 
antiserum 
TH Monoclonal / 1:500 Incstar 
mouse 
NPY Polyclonal / 1:800 Incstar 
rabbit 
DpH Polyclonal / 1:200 Incs ta r~ 
rabbit 
PGP Polyclonal / IA00 UltraClone 
rabbit 
VIP Polyclonal / 1:500 Peninsula 
rabbit 
SP Polyclonal / 1:500 Amersham 
rabbit 
CGRP“""“Polyclonal / 1:400 Serotec 
rabbit 
BOM Polyclonal / 1:300 Incstar 
rabbit 
SOM Polyclonal / 1:100 Incstar 
rabbit 
ENK Polyclonal/ 1:500 Serotec 
rabbit 
Secondary antisera 
Type Dilution Manufacturer 
Biotinylated anti- Horse anti- 1:500 Vector Lab 
mouse IgG mouse 
Biotinylated anti- Goat anti- 1:200 Vector Lab 
rabbit IgG rabbit 






3.1 Urinary Bladder 
3.1.1. Bladder Detrusor Muscle 
At 13 weeks the detrusor muscle bundles in the 
wall of the urinary bladder were already richly innervated by 
numerous branching varicose PGP-immunoreactive (IR) nerve 
fibers (Fig. 1). Larger nerve trunks occurred in the adventitia, 
many accompanying blood vessels. In addition dense 
perivascular nerve plexuses surrounded the arteries and 
arterioles throughout the muscle coat. A similar arrangement of 
PGP-IR nerves was observed in all pre- and post-natal 
specimens examined in this study. 
NPY-IR nerve fibers were found in abundance 
within the detrusor muscle in the 13 week old specimen (Fig. 2) 
and in all the older specimens examined. The majority of the 
immuno-positive fibers occurred as finely varicose fibers evenly 
distributed within each muscle bundle, while occasional 
thicker NPY-IR nerves were present in the adventitia. 
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The overall distribution and density ofNPY-IR nerves were 
indistinguishable from the PGP-IR nerves. From 23 weeks 
onwards VDP-IR nerve fibers had a similar distribution pattern 
to NPY-containing nerves but were markedly fewer in number 
(Fig. 3). NPY and VIP-IR varicose nerves were also found in 
association with blood vessels, both in the adventitia and within 
the muscle coat of the bladder (Figs 4). 
Very occasional SP-IR nerves were present in the 
17 week old specimen, mainly in association with blood vessels 
athough isolated varicose fibers were observed in some of the 
outer detrusor muscle bundles (Fig. 5). In the older specimens 
examined single varicose SP- (Fig. 6) and CGRP-IR (Fig. 7) 
nerves were observed infrequently throughout the thickness of 
the detrusor muscle. 
TH and DpH-IR nerves were not observed in the 
detrusor muscle of any of the fetal bladders except the 35 week 
old specimen where the majority of the immunopositive nerves 
were associated with blood vessels (Fig. 8); only very 
infrequent TH- and DpH-IR nerves were observed within the 
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detrusor muscle proper (Fig.9). In the two postnatal 
specimens TH- and DpH-IR nerves were frequently found in 
association with blood vessels and also occasionally within the 
detrusor muscle (Fig. 10). From 20 weeks onwards most of the 
specimens examined contain very infrequent fine varicose nerve 
fibers immunoreactive for either BOM, ENK or SOM in 
association with the detrusor smooth muscle bundles. BRA-IR 
fibers were not seen in the specimens examined. 
These results are summarized in Table III (Page 
38). 
3.1.2. Intramural ureters and superficial trigone 
The muscle coat of the intramural ureters together 
with the superficial trigone consisted of small diameter muscle 
bundles which were readily distinguished from adjacent 
detrusor muscle bundles. At each gestational age examined 
these small diameter muscle bundles were less well innervated 
by PGP-IR nerves than the adjacent detrusor muscle. In 
general the PGP-IR nerve fibers lay parallel to the long axis of 
the muscle bundles, the majority extending along the outer 
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surface of each muscle bundle (Fig. 11). Very few nerves were 
observed to penetrate between the constituent cells of a muscle 
bundle. NPY-IR nerve fibers were relatively sparse at 13 
weeks but their frequency gradually increased with increasing 
gestational age. VIP-IR nerves were generally fewer in 
numbers than the NPY-IR nerves in each specimen examined 
while SP and CGRP-IR nerves were only rarely observed 
amongest the muscle bundles of either the intramural ureter or 
the superficial trigone (Fig. 12). 
TH and DpH-IR nerves were absent from the 
intramural ureters and superficial trigone prior to 30 weeks of 
gestation but occurred in profusion in the two postnatal 
specimens (Fig. 13). Some of these nerves were associated 
with blood vessels while others coursed freely on the outer 
aspect of the muscle bundles of the intramural ureters and 
superficial trigone, occurring in considerably greater numbers 
than similar nerves in the adjacent detrusor muscle. 
These results are summarized in Table IV and V 
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(page 39 & 40). As can be seen from these tables, some of the 
specimens containd occasional nerves immunoreactive for either 
BOM, ENK or SOM. However such nerves were so infrequent 
that no consistent developmental pattern could be detected. 
Within the specimens examined there were no BRA-IR fibres 
detected. 
3.1.3. Bladder Mucosa 
At 13 and 17 weeks of gestation the bladder 
mucosa was innervated with occasional varicose PGP-IR fibers 
forming either subepithelial fibers or perivascular plexuses in the 
mucosal connective tissue (Fig. 14). Very occasional 
perivascular NPY-IR nerves were also observed at this stage. 
At 23 weeks and in all older specimens PGP-， 
NPY-,VIP-, SP- and CGRP-IR nerves were observed forming 
perivascular nerve networks (Figs. 15 & 16) Also at 23 weeks, 
occasional PGP and NPY-IR nerves were observed in the 
mucosal connective tissue un-associated with blood vessels 
and at 26 weeks numerous branching PGP and NPY-IR 
nerves (Fig. 17) as well as occasional VIP-, SP- and CGRP-
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IR (Figs. 18 & 19) nerves were observed in close proximity 
to the base of the epithelium. In a few instances, some of these 
fibers appeared to be penetrating the basal epithelial cells. 
TH and D(3H-IR nerves were occasionally 
observed in the mucosa of the 35 week old fetal specimen but 
were more numerous in the two postnatal specimens, being 
especially dense in the mucosa of the trigone. Many of these 
nerves were clearly perivascular in distribution but others were 
observed unrelated to vascular structures (Fig. 20 & 21). Again 
in these fetal specimens examined, no BRA-IR fibres were seen. 
These results are summarized in Table VI (page 
41). 
3.1.4. The bladder neck 
The bladder neck consists of morphologically 
distinct smooth muscle, since the large diameter muscle bundles 
characteristic of the detrusor are replaced in the region of the 
bladder neck by much smaller diameter bundles separated by 
collagen and elastic fibers. 
In the male bladder neck the smooth muscle oells 
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forms a complete circular collar which extends distally to 
surround the preprostatic portion of the urethra forming the so-
called proximal or preprostatic sphincter. Distally this bladder 
neck smooth muscle merges with the muscle bundles in the 
stroma and capsule of the prostate gland. 
In all of the male fetal specimens examined in the 
present study the density of the PGP- and NPY-IR nerves was 
noticeably less in the region of the bladder neck when 
compared with the body of the bladder (Fig. 22). Furthermore 
the majority of the immunoreactive nerves ran between the 
muscle bundles of the bladder neck rather than extending within 
the muscle bundles, unlike the distribution observed in the 
detrusor muscle of the bladder body and fundus. 
Very occasional fine varicose nerves immuno-
reactive for SP, CGRP or VIP were observed in the 
adventitia of the bladder neck from the age of 17 weeks 
onwards. Occasional SP and VIP-IR nerves were also 
observed forming perivascular plexuses and some even 
21 
penetrated the smooth musculature in this regionbut there were 
no BRA-IR fibres detected withinthe specimens examined. 
Some branching D(5H-IR nerves were first observed 
among the bladder neck muscle bundles in the male at 22 
weeks and gradually increased in density with increasing 
gestational age. However, in none of the specimens was the 
density of the D^H-IR nerves as great as that observed for 
either PGP or NPY-IR nerves (Fig. 23). 
3.2 Vas deferens and seminal vesicle 
The vas deferens and seminal vesicle each 
comprise a mucosal layer, a smooth muscle layer and an outer 
adventitial layer of connective tissue. 
The seminal vesicle is a coiled, blind-ending 
diverticulum off the vas deferens so that, in a section, the same 
tube appears in several different orientations. However, the 
complex folding of the mucosa which is typical of the adult 
organ was not present in any of the fetal specimens examined. 
In each case the lining of the seminal vesicle, and also the vas 
deferens, appeared relatively smooth in outline and consisted of 
22 
a simple columnar or pseudostratified epithelium. 
3.2.1. The smooth muscle coat 
At 13 weeks of gestation numerous large-diameter 
PGP-IR nerve trunks were present in the adventitia of the vas 
deferens (Fig. 24) and seminal vesicle. At 17 weeks occasional 
finer nerves were seen to penetrate the outer aspect of the 
muscle coat of the seminal vesicle (Fig. 25). 
DpH- and ENK-IR nerves had an identical 
distribution to the PGP-immunoreactvity at 13 and 17 weeks in 
both the vas deferens (Figs. 26) and seminal vesicle 
while NPY-IR nerves were slightly fewer in number in both 
organs but similar growth patterns were noted (Fig. 27). 
At 20 weeks of gestation branching PGP-IR 
nerves (and also DJ3H- and ENK-IR nerves) were present in the 
outer aspect of the muscle coat of the vas deferens (Figs. 28 & 
29) and occurred throughout the full thickness of the muscle 
coat of the seminal vesicle (Figs. 30 & 31). In addition NPY-
IR nerves were seen to penetrate the outer aspect of the muscle 
coat of both organs (Figs. 32 & 33). Furthermore very 
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occasional single varicose fibers immunoreactive for SP or 
CGRP were observed in the adventitia of both organs (Fig. 34) 
and no BRA-IR fibres were detecetd in any of the specimens. 
At 23 weeks gestation PGP-, DpH- and ENK-IR 
nerves occurred throughout the muscle coat of the vas deferens 
as well as the seminal vesicle. At 26 weeks these intramuscular 
plexuses had increased noticeably in density. However NPY-
IR nerves within the muscle coat of either organ still appeared 
to be slightly fewer in number than either the PGP-, DpH- or 
ENK-IR nerves at this stage (Figs. 35 - 37). This difference in 
density was also observed in the two postnatal specimens. 
These results are summarized in Table VII (page 
42) and Table VIII (page 43). 
3.2.2 The mucosa 
PGP-immunoreactivity was absent from the mucosa 
of the seminal vesicle until 20 weeks gestation, at which time 
occasional single varicose PGP-IR nerve fibers were detected 
lying at the base of the epithelium. Similar 
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nerves were first observed in the mucosa of the vas deferens at 
21 weeks of gestation (Fig. 38 & 39). At 22 weeks of gestation 
NPY- and occasional SP-IR nerves were observed beneath the 
epithelium of the vas deferens and seminal vesicle (Fig. 40 & 
41). In addition at 26 weeks gestation very occasional fine 
varicose VIP-IR nerve fibers were also observed (Fig. 42) in 
these locations. Within all of the fetal specimens examined, no 
BRA-IR fibres were detected. 
At 30 weeks of gestation the subepithelial plexus 
in both organs was considerably more dense, as shown by 
PGP-immunoreactivity (Fig. 43). Also at 30 weeks many 
of the subepithelial nerves in both the vas deferens and 
seminal vesicle showed immunoreactivity to NPY (Fig. 44). 
The postnatal specimens each possessed a dense plexus of 
NPY-ER nerves beneath the epithelium of both the vas deferens 
and seminal vesicles. In contrast VIP-IR subepithelial 
nerves were extremely sparse in the 12 week postnatal 
specimen and totally absent in the 8 week postnatal specimen. 
Occasional tall columner epithelial cells 
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immunoreactive for SOM were observed within the epithelial 
lining of the seminal vesicle at 23 weeks of gestation. 
While apparently randomly distributed these immunoreactive 
cells increased in number with advancing gestational age. 
These results are summarized in Table IX (page 44) and 
Table X (page 45). 
3.3 Prostate 
It is well established that the prostatic glands arise 
during the third month of intrauterine life from the proximal part 
of the male urethra, beginning as a series of outgrowths from the 
urethral epithelium. These outgrowths occur initially around 
the whole circumference of the tubular urethra but later are 
more numerous on the lateral aspect. The epithelial out-
growths which are first solid，later branch and become tubular 
as they invade the surrounding mesenchyme, some of which 
differentiates into smooth muscle bundles. 
At 13 weeks the primitive prostate possessed a 
well-defined capsule formed by condensed mesenchymal cells 
and myoblasts. The outgrowths of epithelium were few in 
26 
number at this stage and bundles of smooth muscle cells were 
not yet apparent between them. By 20 weeks of gestation, 
numerous smooth muscle bundles were apparent between the 
prostatic glandular epithelium in the outermost aspect of the 
prostate but the more centrally situated glands were devoid of 
smooth muscle bundles. 
As gestational age increased the prostatic glands 
become more numerous along with a more folded epithelium. 
By 26 weeks of gestation, clearly defined smooth muscle 
bundles had invaded the inner aspect of the prostate and by 30 
weeks of gestation smooth muscle bundles were evident 
throughout the gland. 
At 13 weeks occasional branching PGP-IR nerves 
were observed in the prostatic capsule but the remainder of the 
prostate was devoided of such nerves (Fig. 45). 
As gestational age increased the PGP-IR nerves 
became more numerous and were observed to penetrate into 
the interior of the prostate, forming perivascular plexuses and 
also lying adjacent to and within the smooth muscle bundles 
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from 20 weeks onward. By 23 weeks occasional varicose 
PGP-IR nerves were observed lying at the base of the prostatic 
glandular epithelium ( Fig. 46). These subepithelial nerves 
were considerably more numerous with increasing gestational 
age and by 26 and 30 weeks almost all of the prostatic glands 
possessed numerous PGP-IR subepithelial nerve fibers while 
other PGP-IR nerves were associated with the smooth muscle 
bundles (Fig. 47). 
NPY-IR nerves had a similar distribution pattern 
to the PGP-IR nerves but at each gestational age examined they 
appeared to be fewer in number (Fig. 48). At 13 weeks NPY-
IR nerves were seen in the prostatic capsule (Fig. 49) and at 23 
weeks of gestation, numerous NPY-IR nerves were seen 
beneath the epithelium of the folded prostatic glands and also 
within the smooth muscle bundles surrounding them (Fig. 50). 
Occasional SP and VIP-IR nerves were 
present in the outer part of the prostate at 20 weeks and at 23 
weeks a few VIP-IR nerves were detected beneath the glandular 
epithelium. The distribution of these varicose fibers was similar 
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to those of the NPY-IR nerves but they were fewer in number. 
At 26 weeks the VIP-IR subepithelial nerves were considerably 
more numerous although they were not as dense as similarly 
situated nerves demonstrating NPY immunoreactivity (Fig. 51). 
However at no time were any BRA-IR fibres detecetd within the 
specimens examined. 
DPH-IR nerves were first observed at 13 weeks of 
gestational age，lying either in the prostatic capsule or forming 
perivascular plexuses within the inner aspect of the prostatic 
capsule (Fig. 52). With increasing gestational age, the 
DpH-IR fibers were observed within the smooth muscle 
bundles first in the outer part of the prostate and later appearing 
throughout the gland. However, on no occasion were DpH-IR 
nerves observed beneath the prostatic epithelium. 
ENK-IR nerves fibers had a similar 
distribution pattern to DpH-IR nerves and were first observed in 
the prostatic capsule as early as 17 weeks of gestation. With 
increasing gestational age the ENK-IR fibers became more 
numerous within the smooth muscle of the capsule but only 
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minor perivascular innervation was observed in the lamina 
propria and no subepithelial fibers were seen in association 
with prostatic glands (Fig. 53). 
These results are summarized in Table XI (page 
46) and Table XII (page 47). 
3.4 Urethra 
The male prostatic urethra is U-shaped in cross 
section and transverses the prostate from the bladder neck to 
the membraneous urethra. In specimens older than 20 weeks 
the penile urethra was not included in the block of tissue 
prepared for immunofluoresence and was thus excluded from 
the study. The distal part of the prostatic urethra possesses a 
layer of circularly disposed striated muscle cells which is 
continuous with a thick collar of striated muscle within the wall 
of the membranous urethra. These striated muscle cells 
collectively form the so-called rhabdosphincter. 
In this region a layer of smooth muscle separates 
the epithelial lining of the urethra from the rhabdosphincter. 
Both smooth and striated muscle layers are absent from the 
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proximal portion of the prostatic urethra. 
3.4.1. The rhabdosphincter 
In all the specimens examined the motor 
innervation to the striated muscle cells of the rhabdosphincter 
was clearly demonstrated by immunostaining for PGP (Fig. 54 
& 55). Thick branching, non-varicose PGP-IR nerves were 
seen extending between the striated muscle cells as early as 13 
weeks of gestation. Many of these nerves terminated in small 
club-like extensions at the surface of the striated cells, typical 
of a motor end-plate type of innervation. 
No neuropeptides were detected within these 
motor nerves in any of the specimens examined. However at 
20 weeks very occasional finely varicose SP- and NPY-IR 
nerves were observed within the rhabdosphincter which were 
clearly perivascular in distribution (Fig. 56). Similarly 
distributed nerves immunoreactive for BOM and ENK were 
observed at 21 weeks and VIP-IR fibers were detected at 22 
weeks of gestation. By 26 weeks occasional CGRP-IR 
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perivascular nerves were also observed. DpH- and BRA-IR 
nerves were not detected within the rhabdosphincter in any of 
tiie fetal or neonatal specimens included in this study. 
The results are summarized on Table XIII (page 48). 
3-4.2. Smooth muscle coat and lamina propria 
At 13 weeks numerous branching PGP-IR nerves 
fibers were observed within the urethral smooth muscle coat 
(Fig. 57) and also beneath the urethral epithelium (Fig. 58). 
NPY-IR fibers had a similar distribution but only a few 
immunopositive fibers were seen beneath the urethral 
epithelium. 
At 23 weeks both NPY- and DpH-IR nerves were 
present among the smooth muscle cells (Fig. 59 & 60)_ NPY-
IR nerves were also observed in the lamina propria where they 
formed an extensive branching subepithelial nerve plexus (Fig. 
61 & 62). In contrast, DpH-IR nerves formed perivascular 
plexuses in the lamina propria but were absent from the 
subepithelial connective tissue. With increasing gestational age 
the density of nerves increased both in the muscle coat and 
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beneath the urethral epithelium. 
Occasional SP-, VIP- BOM- and ENK- IR nerves 
were observed at 13 weeks within the smooth muscle coat. 
Most of these fibers were associated with blood vessels but 
some extended among the smooth muscle bundles (Fig. 63). At 
20 weeks CGRP-IR nerves were also observed in this 
location. The density of SP-, CGRP-, VDP-, BOM- and ENK-
IR nerves in the muscle coat gradually increased with 
increasing gestational age and similar nerves were occasionally 
observed in the lamina propria although none approached the 
base of the urethral epithelium. 
At 20 weeks of gestation occasional cells within 
the urethral epithelium displayed immunoreactivity to BOM 
(Fig. 64). These brightly fluorescent cells appeared randomly 
distributed throughout the cuboidal or columnar urethral 
epithelium. At 22 weeks of gestation similar cells 
immunoreactive for SOM were observed within the urethral 
epithelium (Fig. 65). 
These results are summarized in Table XIV (page 
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49) and Table XV (page 50). 
3.5 Autonomic ganglia and paraganglia 
In all the fetal and both postnatal specimens 
examined both large and small autonomic ganglia were 
frequently observed lying in the adventitial connective tissue 
lateral to the bladder neck. Ganglia also occured on the 
posterior aspect of the trigone and on the posterior and lateral 
aspects of the developing prostate adjacent to the vas deferens 
and seminal vesicle. 
At 13 weeks of gestation the autonomic ganglia 
appeared as clusters of tightly-packed small spherical cells 
(typically 7-10 (am in diameter) which were all immunoreactive 
for PGP (Fig. 66). Numerous large diameter PGP-IR nerve 
trunks lay in the immediate vicinity. With increasing 
gestational age the ganglion cells enlarged and some became 
more angular in profile with a large spherical nucleus, and were 
separated by nerve fibers and small blood capillaries. Other 
nerve cells were smaller in diameter and occured in clusters of 
tightly-packed cells within the same ganglion. Thus from 20 
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weeks onwards two distinct type of autonomic ganglon cell 
could be identified, based on size and the appearence of the 
nucleus. One type had a large cell body with a large pale 
nucleus while the other type was smaller with a diminutive dark 
nucleus. 
In many instances rounded clusters of 
paraganglion cells were observed in close association with the 
autonomic ganglia. The small, rounded paraganglion cells 
occured either as clusters within an autonomic ganglion or else 
as separate groups surrounded by a connective tissue capsule. 
All the paraganglion cells were PGP negative but were intensly 
immunopositive for DpH (Fig. 67). 
In any particular ganglion the majority of cells 
were immunopositive for NPY (Fig. 68). The smaller neurons 
were generally DpH- asnd TH-positive and the larger cells 
DpH-and TH-negative (Fig. 69). Many ganglia contained a 
majority of VTP-positive cells while some contained only 
occasional large VIP-positive neurons surrounded by smaller 
VIP-negative cells with numerous immunopositive fibers inter-
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spersed between them (Fig. 70). From a study of adjacent 
sections it seemed that all VIP-positive neurons also stained 
positive for CGRP (Fig. 71). However this could not be 
ascertained with certainty in the fetal specimens since it was 
difficult to identify the same nerve cell on adjacent sections due 
to their relatively small size. 
Identification of the same nerve cell in consecutive 
sections in the two postnatal specimens was easier since 
individual nerve cells were somewhat larger. 
Occasional small-diameter ENK-positive cells 
were observed in some of the ganglia. In addition some of the 
larger neurons showed immunoreactivity for SOM and BRA 
(Fig.72). Using sections immunostained for TH cell counts 
were carried out on random sections through at least 25 ganglia. 
On average �56% of the nerve cells were TH-positive and �44% 
were TH-negative. However those ganglia lying closer to the 
urinary bladder contained less than 50% of cells which were TH-
positive while ganglia lying closer to the vas deferens and 
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seminal vesicles contained over 75% of nerve cells which were 
TH-positive. 
Fine varicose VIP nerve fibers were frequently 
observed extending into the autonomic ganglia and ramifying 
among the ganglion cells (Fig. 73). Similar CGRP- and SP-IR 
nerves were also observed although less frequently (Fig. 74). 
Many ganglion cells possessed extensive pericellular networks 
of fibers which stained positively for ENfC (F;g. 75) 
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Table lib 
Urinary Bladder Musculature 
PGP "VIP""" NPY SP CGRP DBH TH BOM ENK SOM BRA • 
13w +++ + + + + 0 0 0 0 0 0 0 
17w - H - + + + - K - + 0 0 0 0 0 0 0 
20w +++ + +++ " + ~ + " q ~ Q " o ~ Q "b Q 
20w +++ + ++ "+~ + " o ~ o T ~ + "o 0 
20w -h-h 0 ++ + + 0 0 + 0 _ 0 "o 
21w +++ + +++ "+ ~ + " o ~ Q " p ~ Q "Q Q 
21w - H - + + + + + + + 0 0 + + 0 0 
22w +++ + ++ + _ + 0 0 0 ' + 0 0 
23w -H-+ ++ +++ "+ ~ + 0 0 + 0 0 0 
23w +++ + +++ + + 0 0 + + 0 0 
23w -H-+ + +-H- + + 0 0 + + + 0 
26w +++ ++ +++ + + 0 0 + + + 0 
27w +-H- + -H-f + + 0 0 + + + 0 
30w +++ + +++ + + + + 0 0 + + + 0 
35w "+++ + + + + + + + + + + + + 0 0 
+ 8 w ~ -H-+ ++ +++ + + -H- -H- + + + 
+12w +++ ++ +++ + + + + + + + + + 0 
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table lib 
Intramural Ureteric Muscle Coat 
PGP VIP NPY SP CGRP DBH TH BOM ENK SOM BRA 
13w + + + + + "o 0 Q 0 0 0 
17w -H- + _ + + Q Q Q "p Q "q Q 
20w + + + + 0 "o 0 "o + "o 0 
20w ++ + ++ + 0 "o 0 " + ~ + "o 0 
20w ++ + _ + Q + 0 _ 0 " + ~ 0 "o 0 
21w +++ + “ +++ "+ ~ + " o ~ Q " o ~ Q "o Q 
21w -H- + -H- + + 0 0 + + 0 0 
22w ++ 0 ++ + + 0 "o + T 0 "o 
23w - H - + + + + + Q O O Q O O 
23w - H - + - H - + + Q O O O O O 
23w + T f ~ + "+ 0 0 0 0 + 0 
26w + + + + + + + 0 0 + + 0 0 
27w T+""" + " + + + + 0 0 0 0 + 0 
30w + + + + + + + + + 0 0 + 0 
35w -H- + ++ + + + + 0 + 0 _0 
+8w +++ + -H- + + + + + + - - - -
+12w +++ + ++ + + ++ ++ _ - -
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table lib 
Superficial Trigone Musculature 
PGP VIP NPY "SP CGRP DBH TH BOM ENK SOM BRA*" 
13w + + + + _ Q 0 “ Q "o Q 0 0 
17w +-H- + + + _ 0 0 0 "o 0 0 0 
20w + + + _ + 0 0 0 " 0 "p 0 "o 
20w ++ 0 _ ++ + Q 0 0 0 0 0 
20w + 0 _ + 0 0 0 0 "o 0 0 0 
21w + _ + + 0 0 0 0 . 0 " o ~ 0 " o ~ 
21w ++ + ++ "+ ~ 0 "o 0 "o O O P 
22w ++ + ++ T ~ Q "p 0 "o 0 0 0 
23w ++ + ++ + + 0 _ 0 "o 0 " p ~ 0 
23w + + + + + + + 0 0 0 一 0 "o 0 
23w +++ Q -H- Q 0 0 " 0 0 0 " p ~ 0 
26w + + + + + + + 0 0 0 + 0 0 
27w +++ + + + + + 0 0 0 + + Q 
30w -f-H- + + + + + 0 0 + + + 0 
35w “ ++ "+ ~ ++ 0 + "o 0 "o + 0 0 • 
+8w +++ + ++ + + ++ -H- - - - -
+12w +-H- + + + + + + + + + - - - -
+++ Highly Innervated 
++ Moderately Innervated 
+ Infrequently Innervated 
0 Not Innervated 
- Not examined 
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Table lib 
Urinary Bladder Mucosa 
PGP VIP NPY SP CGRP DBH TH BOM ENK SOM BRA 
13w -H- Q + _ 0 0 0 0 _ 0 0 0 0 
17w ++ 0 + 0 0 "o 0 "o 0 " o ~ ' 0 
20w ++ 0 ' + 0 • 0 " o ~ 0 0 0 "o 0 
20w ++ 0 " -H- "o Q "o 0 0 0 "o 0 
20w -H- Q + Q Q 0 0 0 0 0 0 
21w "-H-+ + + Q Q 0 0 0 0 0 0 
21w "++ Q "q + "o 0 '0 0 _0 0 0 
22w ++ 0 ' +4- + _ 0 " 5 ~ 0 " o ~ 0 0 0 
23w ++ Q ' ++ 0 " 0 "o O O P "o 0 
23w ++ + + + 0 0 0 " o ~ 0 0 0 
23w ++ 0 ' + 0 0 " o ~ 0 0 0 "+ ~ 0 26w "TT"" + TT"" o T o "b o o o o 
27w -H- 0 0 0 0 " o ~ 0 0 0 + 0 
30w *+++" 0 +-H- + + + + 0 0 0 0 + 0 
35w ++ + ++ -H- + -H- -H- 0 0 + 0 
+ 8 w -H- + + + + + + + + + + 0 0 + 0 
+ 1 2 w -H- + + + + + + -H- ++ 0 0 + 0 
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table lib 
Vas Deferens Smooth Musculature 
_ *PGP VIP “ NPY SP CGRP DBH TH BOM ENK SOM BRA 
13w +++ Q + _ Q o - ++ ~ ~ 0 • + 0 0 
17w +++ + ++ + + +++ -H- 0 + 0 0 
20w +-H- Q +++ "Q Q "-H- -H- 0 "+ 0 "p 
20w +++ + -H-+ + Q +++ ++ 0 + 0 0 
20w -HH- Q -HH- o + -H-+ ++ o + 0 0 
21w +++ o -hf+ + Q +++ +++ 0 0 0 0 
21w +++ + +++ + + ++ ++ Q + 0 0 
22w -H-+ + H-H- + 十 +++ +++ + + + 0 0 
23w T H T o + "o + + _ + + + + 0 0 
23w +++ 0 +++ ++ 0 +++ +++ 0 + 0 0 
23w "+++" Q "THT 0 "o +++ +-H- + 0 + 0 
26w T h T + "+++" Q T +++ +++ + + + 0 0 
3 0 w ~ -H-+ + • +++ + + +++ ++ + -H- 0 0 
+ 8 w - H H - - -HH- - - +++ +-H- - - - -
+12w +++ - -H-+ - - +++ -H-+ - - I -
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table VIII 
Seminal Vesicle Smooth Musculature 
PGP VIP NPY Sl> CGRP DBH TH BOM ENK SOM BRA 
13w 0 0 0 0 “ Q " o ~ Q " o ~ Q " o ~ Q 
17w -H- + ++ • + + +4-H ++ Q Q Q "o 
20w -H-+ + -H-+ + o +++ ++ _ 0 ++ 0 0 
20w +++ + +++ + Q +++ ++ 0 ++ 0 0 
20w -HH- Q -HH- ++ + +++ -t-H- 0 + 0 0 
2 i w +->-+ + +++ T ~ o "+++" +++ "o o o o 
21w +++ 0 +++ ++ + +++ +++ 0 + 0 0 
22w + + + + +++ + + +++ -H-+ + + + 0 0 
23w +++ + + + + + + + + + + + 0 0 
23w +++ + +++ + 0 +++ +++ 0 + 0 0 
23w +++ + +-H- 0 + +-H- +-K- 0 + 0 0 
26w "+++" -H- +++ + + +++ +++ + + + 0 0 
30w +++ + +++ + + -t-H- +-H- + 4-H- Q _0 
+8w 
+12w - - - - - - I - I - - - -
+++ Highly Innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table lib 
Vas Deferens Mucosa 
PGP VIP一 NPY "SP CGRP DBH TH BOM ENK SOM BRA*" 
13w 0 0 _ 0 0 0 0 0 0 0 0 0 
17w 0 0 _ 0 0 0 0 0 0 0 0 0 
20w 0 _ 0 0 0 0 0 0 0 0 0 0 
20w 0 0 _ 0 0 0 " o ~ Q " o ~ 0 0 0 20w 0 0 "o 0 "o 0 0 0 0 0 0 
21w "+ ~ 0 " o ~ 0 "o 0 " p ~ 0 0 0 0 ' 
21w "+ 0 "o 0 "p 0 "o 0 "o 0 "o 
22w + 0 _ ++ + 0 " o ~ 0 " o ~ 0 " o ~ 0 _ 
23w "+ ~ 0 ~ H ~ + 0 0 " o ~ 0 " o ~ 0 " p ~ 
23w + 0 ++ 0 0 0 _ 0 0 _ 0 0 . 0 
23w " + ~ 0 + "o 0 0 0 0 0 0 _ 
26w " + ~ + T i ~ + "o 0 0 0 0 0 0 _ 
30w + + 0 0 0 0 0 0 0 +8w o T+T" + o o o o o o o _ 
+12w T t ~ + "+++" + 0 0 0 0 丨 0 丨 0 10 
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table X 
Seminal Vesicle Mucosa 
PGP VIP NPY *SP CGRP PBH TH BOM ENK SOM BRA 
13w 0 _ 0 0 0 0 Q 0 0 0 "o 0 
17w 0 _ 0 0 0 0 0 0 0 0 . O O 
20w ~ 0 "o o "o o "o 0 " o ~ 0 " o ~ 
20w " o ~ 0 " o ~ 0 0 0 " o ~ 0 0 0 " p ~ 
20w ~ 0 " o ~ 0 0 0 " p ~ 0 "o~ 0 " o ~ 
21w " + ~ 0 "O~ 0 "o 0 0 0 "5~ 0 0 
21w O O P "o 0 "o 0 "o 0 0 " 
22w + _ 0 ++ + 0 • 0 " o ~ 0 "o~ 0 0 
23w "+ 0 "++ + "o 0 "o 0 "o~ + "o 
23w " + ~ 0 ++ 0 0 0 " p ~ 0 0 + 0 
23w ~ 0 "TT"" + 0 0 0 0 0 + 0 
26w " + ~ + "Ti~ + 0 0 0 0 _ 0 + 0 
30w TT^" + +++ + 0 0 0 0 0 0 0 
+8w Q TiT" + 0 0 0 0 0 0 0 
+12w -H- + +++ + 0 " o ~ 0 0 0 10 10 
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table XI 
Prostatic Smooth Musculature 
£ £ £ _ VIP NPY SP CGRP DBH TH BOM ENK SOM BRA 
1 3 w + o _ + _ _ + + _ + "+ T ~ " o "o "o 
-H- o + 0 'o + T ~ 7 T ~ " o ” 
20w ++ o + + o ++ ~ " o ~ T o 0 ~ 
20w ++ + + 0 + T i ~ + T ~ V Q o ~ 
20w +-H- + ++ + 0 + " + 0 ~ 
21w +-H- + ++ + + T + + o~""o 
21w +++ 0 ++ ++ + +++ ~ + + 0 0 
22w +++ + -H- + ++ -H-" ++ 0 0 
23w +++ + + + + + + + ++ ++ "q + o 0 
23w +++ + ++ Q + ++ ++ + "+ o 
23w +++ Q -K- 0 • 0 Tf+‘ ++ " o ~ + "q o ~ 
26w +++ ++ ++ Q + +++ ++ "+ ++ "o 0 
30w +++ ++ ++ + • + "+4~ ++ T ~ ++ T 0 
+8w : - : - - “ - - “ ~ 一 ： 
+12w - 一 - : - - T - "I I I I 
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 




£ £ £ _ VIP NPY SP CGRP I DBH I TH BOM ENK SOM BRA 
1 3 w 0 0 _ _ _ _ _ 0 0 _ 0 "o "o "o~"o 
o _ _ 0 0 "o 0 "o "o "o "o "5 
20w 0 0 0 " o ~ Q " o ~ " o ~ " o ~ " o ~ " o ~ " p ~ 
20w O O O _ 0 0 0 0 0 "o~"o 0 
20w 0 0 0 _ 0 0 0 0 0 "o~"o 0 ~ 
21w 0 0 _ 0 0 "o 0 "o o " o ~ " o ~ " o ~ 
21w 0 0 0 _ O O O Q "o 0 "o o 
22w 0 0 0 "o 0 "o Q "Q~"Q~"p p ~ 
23w + 0 + 0 0 + + " q " + ~ " Q Q ~ 
23w + + + 0 _0 + + 0 + Q " Q ~ 
23w + + + + _ 0 + + Q “ + "q Q 
26w ++ + + + + -f ' + "+ + "o o 
30w -H- + + + + + + + "+ o 
+ 8 w - - - - - _ _ _ _ _ _ 一 
+12w - - - - - -
+++ Highly innervated 
-H- Moderately innervated 
+ Infrequently innervated 
0 Not innervated 




腳 VIP NPY SP CGRP DBH TH BOM ENK SOM BRA 
13w + 0 0 0 _ 0 O O O ' O O " o ~ 
17w + 0 _ 0 0 _0 0 _0 0 " p ~ 0 " o ~ 
20w + 0 + _ + 0 0 0 0 0 0 0 
20w ++ Q _ + + "q 0 0 0 "p 0 "p 
20w -H- Q _ 0 0 "o 0 " o ~ Q "o Q Q ~ 
21w ++ 0 0 + 0 0 0 + + "q Q ~ 
21w ++ 0 + _ + 0 0 0 + 0 Q Q 
22w +++ + _ 0 0 0 0 0 + Q 0 " g ~ 
23w -H- Q _ 0 0 0 0 0 + 0 0 0 
23w ++ + + _ Q 0 0 0 0 0 Q Q 
23w ++ + + _ 0 0 0 0 0 + ' + Q 
26w +++ + + + + Q Q ‘ + + _ + "p 
30w ++ + + + _ + 0 0 0 _ + 0 0 
+8w - - - - - - _ - - “ - - -
+ 1 2 w - - - - - - - - - - -
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Table XIV 
Urethra Smooth Musculature 
PGP "VIP"" NPY SP CGRP DBH TH BOM ENK SOM BRA 
13w ++ + + _ j - _ Q + _ + Q "+ "Q Q ~ 
17w -HH- + ++ + "q + " + + " + o 0 ~ 
20w +++ + + _ 0 0 _ ++ ~ + "+ 0 0 ~ 
20w +++ + ++ + + ++ _ + + "o o 
20w -H~f Q -H- Q 0 T h T -h- "q o 0 0 
21w +-H- + ++ + + ++ -H- + T 0 o 
21w +++ + T ~ Q "q ++ + + "+ o ~ 
22w -H-+ -H- -H- + + -H- ~ + + " 0 
23w +++ + _ + 0 _0 TT"" -H- "o + T 0 ~ 
23w +++ + +-hf + 0 "hT" -f+4- T + + 0 
23w +++ + +-H- + Q +++ + T + "o 
26w -H-+ ++ +++ + + +-H- +-H- "+ + "o 0 
30w -H-+ + -H-+ + + -HH- -f+4- + +4- "+ 0 
+ 8 w - - - - - - - - - - -
+12w - - - - - - - - - -
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 




VIP NPY SP CGRP DBH TH BOM ENK SOM BRA 
13w + Q + + _ + 0 0 + Q " o ~ " q ~ 
17w + 0 _ + 0 "o 0 0 0 "o "p 0 
20w ++ + _ 0 0 0 0 0 + 0 "o Q ~ 
20w ++ + + _ 0 0 ' 0 0 ' + 0 " 0 "o 
20w ++4- Q _ + 0 0 0 0 + 0 "o Q ~ 
21w -H- + _ ++ 0 + 0 0 + "o 0 0 
21w ++ 0 "o Q "o 0 "o ' + "o "5 5 
22w +++ + _ + + 0 0 0 + 0 T o ~ 
23w ++ 0 _ ++ 0 0 0 “ Q + “ Q + " q ~ 
23w ++ 0 + _ 0 0 _ 0 " o ~ + 0 + " 5 ~ 
23w +++ + +++ T ~ Q "o 0 + 0 + Q 
26w +++ + ++ + + 0 _ 0 0 "f 0 
30w ++ + ++ "o + 一 o Q V Q + Q 
+8w - - - - - ~ ： I I . 
+12w I - I - 一 - 一 二 画 • - - • 
+++ Highly innervated 
++ Moderately innervated 
+ Infrequently innervated 
0 Not innervated 
- Not examined 
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Fig. 1 Urinary bladder at 13 weeks of • 
gestation. Numerous PGP-IR nerve 
fibers are present both within and 
between the detrusor muscle bundles 
(XI75) 
Fig. 2 13 week old fetal urinary bladder 
stained for NPY demonstrating 
numerous intramuscular varicose 
nerve fibers in the detrusor muscle 
bundles (X350). 
Fig. 3 Detrusor muscle at 26 weeks of 
gestation showing numerous VIP-IR 
varicose nerve fibers (X350). 
F i & 4 Perivascular NPY-IR fibers are seen in 
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Fig. 5 A single SP-IR varicose fiber in an 
outer detrusor muscle bundle at 17 
weeks of gestation (X350). 
Fig 6 A single SP-IR nerve fiber seen in the 
detrusor musculature of an 8 week 
old postnatal specimen (X350). 
Fig. 7 Numerous CGRP-IR fibers are 
present in the detrusor muscle of an 8 
week old postnatal specimen (X350). 
Fig 8 DPH-IR nerve fibers (indicated by 
the arrows) associated with a 
blood vessel (BV) are seen in a 35 
weeks old fetal specimen (X350). 
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Fig. 9 At 35 weeks of gestation nerve fibers 
are predominantly perivascular in 
location and only rarely occur among 
the detrusor (D) muscle bundles 
(X350). 
Fig. 10 DPH-IR nerve fibers form 
perivascular plexuses and are also 
occasionally observed within the 
detrusor musculature in this 12 weeks 
old postnatal specimen.(X350). 
Fig. 11 PGP-IR nerve fibers occur in 
profusion in this 8 weeks old 
postnatal intramural ureter (X90). 
Fig. 12 A single SP-IR nerve fiber is 
observed within the muscle bundles 
of the superficial trigone in this 8 
weeks old postnatal specimen 
(X350). 
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Fig. 13 Numerous DpH-IR nerve fibers are 
seen in this 8 weeks old postnatal 
intramural ureter (X175). 
Fig. 14 Numerous PGP-IR nerve fibers are 
present in the submucosa of the 
urinary bladder at 17 weeks of 
gestation. Varicose PGP-ER nerves 
also lie at the base of the epithelium 
(E) (X350). 
Fig. 15 A single SP-IR nerve fiber lies in a 
perivascular location in the urinary 
bladder mucosa at 23 weeks (X350). 
Fig. 16 NPY-IR nerve fibers in the mucosa of 
the urinary bladder of a 23 weeks old 
fetal specimen (X350). 
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Fig. 17 Numerous branching PGP-IR sub-
mucosal nerve fibers are seen in this 
26 weeks old fetal specimen, with 
some varicosities penetrating the 
epithelium (E) (X350), 
Fig. 18 A single SP-IR varicose nerve fiber is 
seen approaching the epithelium (E) 
in this 26 weeks old fetal specimen 
(X350). 
Fig. 19 CGRP-IR varicose nerve fibers lie 
beneath and appear to penetrate the 
transitional epithelium (E) of a 26 
weeks old fetal urinary bladder 
(X350). 
Fig. 20 Numerous DpH-IR varicose nerve 
fibers occur in the submucosa at 35 
weeks of gestation. Some are clearly 
perivascular while others appears to be 
unassociated with blood vessels (XI75). 
55 
M R H n E S H w 
^HHimH 
M 1 M 
I 
Fig. 21 Numerous DpH-IR submucosal nerve 
fibers in a 12 week old postnatal 
urinary bladder (XI75). 
Fig. 22 PGP-IR nerve fibers and bundles are 
observed in the bladder neck of a 26 
weeks old fetal specimen (X90). 
Fig. 23 Numerous NPY-IR nerve fibers occur 
in the bladder neck region in this 26 
weeks old fetal specimen (X350). 
Fig. 2 4 Large diameter PGP-IR nerve trunks 
are present in the adventitia of this 13 
weeks old fetal vas deferens (XI75). 
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Fig. 25 PGP-IR fibers are seen penetrating 
the outer muscle coat of the seminal 
vesicle at 17 weeks of gestation 
(XI75). 
Fig. 26 DpH-IR nerve fibers lie in the 
adventitia in this 17 week old fetal 
vas deferens (XI75). 
Fig. 27 Occasional NPY-IR nerve fibers are 
observed penetrating the muscle coat 
in a 17 weeks old fetal vas deferens 
(X350). 
Fig- 2 8 Numerous DpH-IR nerve trunks are 
seen in the outer aspect of the 
muscle coat of the vas deferens at 20 






Fig. 29 Fine branching ENK-IR nerve fibers 
are shown here penetrating the 
smooth muscle coat of the vas 
deferens at 20 weeks of gestation 
(X350). 
Fig. 30 Large diameter D^H-IR nerves are 
seen in the adventitia of the seminal 
vesicle at 20 weeks while a few finer 
nerve fibers occur in the muscle coat 
(XI75). 
Fig- 31 ENK-IR nerve fibers occur 
throughout the smooth muscle coat of 
the seminal vesicle at 20 weeks of 
gestation (X350). 
Fi8- 3 2 Fine branching NPY-IR nerve fibers 
are observed throughout the smooth 
muscle coat of the vas deferens at 20 
weeks (X350). 
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Fig. 33 Numerous fine NPY-IR nerve fibers 
are seen in the muscle coat of this 20 
weeks old fetal seminal vesicle 
(X350). 
Fig. 34 A few fine SP-IR varicose nerve 
fibers occur in the outer muscle coat 
of this 21 weeks old fetal seminal 
vesicle (X350). 
Fig. 35 Fetal vas deferens at 30 weeks. 
Branching PGP-IR nerve fibers 
extend throughout the muscle coat 
and also form a subepithelial nerve 
plexus (X90). 
Fig. 36 Fetal vas deferens at 30 weeks. 
D(3H-IR nerve fibers are confined to 
the smooth muscle coat. None occur 
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Fig. 37 ENK-IR fibers are observed in the 
smooth musculature of a 30 weeks 
old fetal vas deferens (X90). 
Fig. 38 PGP-IR nerve fibers form a 
subepithelial plexus in the seminal 
vesicle at 20 weeks of gestation 
(X175). 
Fig. 39 Fine PGP-IR nerves (arrows) are seen 
at the base of the epithelium of a 21 
weeks old fetal vas deferens (XI75). 
Fig. 40 Fetal vas deferens at 21 weeks of 
gestation. Fine NPY-IR nerve 
(arrows) form a subepithelial plexus 
while coarser, branching nerves 
occur throughout the muscle coat 
(X175). 
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Fig. 41 22 weeks old fetal seminal vesicle. 
Occasional NPY-IR nerves are seen 
beneath the epithelium (E) (X350). 
Fig. 42 Very infrequent fine VIP-IR varicose 
fibers (arrows) are seen beneath the 
epithelium (E) in this 26 weeks old 
fetal seminal vesicle (X350). 
Fig. 43 PGP-ER nerve fibers occur in 
profusion in the muscle coat of this 
30 weeks old fetal seminal vesicle. 
Note also the prominent subepithelial 
nerve plexus (X90) 
FiS- 44 Fetal vas deferens at 30 weeks. 
NPY-IR nerve fibers occur through 
the muscle coat and are also seen at 
the base of the epithelium (E) (X90). 
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Fig. 45 Numerous PGP-IR nerve fibers are 
observed in the prostatic capsule of 
this 13 weeks old fetal prostate 
(X175). 
Fig. 46 PGP-IR nerve fibers are seen in the 
prostatic capsule and also lie at the 
base of the glandular epithelium at 23 
weeks of gestation (XI75). 
Fig. 47 PGP-IR nerve fibers are seen in 
association with smooth muscle 
bundles within the prostate at 30 
weeks of gestation (X350). 
Fig. 48 30 weeks old fetal prostate. NPY-IR 
nerves are widely distributed 
throughout the gland (X350). 
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Fig. 49 NPY-IR nerve fibers are seen in the 
capsule of tiie prostate at 17 weeks of 
gestation (X350). 
Fig. 50 At 23 weeks NPY-IR nerve fibers are 
found in association with smooth 
muscle bundles within the prostate 
and also at the base of the prostatic 
glands (X350). 
Fig. 51 A few VIP-IR varicose nerve fibers 
are seen in association with a 
prostatic gland at 26 weeks of 
gestation (X350). 
Fig. 52 DpH-IR nerve fibers occur in 
profusion within the smooth muscle 




Fig. 53 A single ENK-IR nerve fiber is “ 
observed in the prostatic capsule of 
the 17 weeks old fetal specimen 
(X350). I 
Fig. 54 Motor innervation demonstrated by 
PGP- immunoreactivity in this 17 
weeks old rhabdosphincter (XI75). 
Fig. 55 Motor innervation demonstrated by 
PGP-immunoreactivity in this 30 
weeks old rhabdosphincter (XI75). 
Fig. 56 Occasional varicose ENK-IR nerves 
form a perivascular plexus in this 26 
weeks old rhabdosphincter (X350). 
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Fig. 57 Branching PGP-IR nerve fibers are 
observed in this 13 weeks fetal 
prostatic urethral smooth muscle coat 
(X350). j 
Fig. 58 Varicose PGP-IR nerve fibers are 
seen to penetrate the epithelium (E) 
of this 13 weeks old fetal prostatic 
urethra (X350). 
Fig. 59 Numerous branching D|3H-IR nerve 
fibers occur within the smooth 
muscle coat of this 23 weeks old fetal 
prostatic urethra (XI75). 
Fig. 60 Occasional NPY-IR nerve fibers are 
seen in the smooth muscle coat of the 
prostatic urethra in this 23 weeks 
fetal specimen (XI75). 
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Fig. 61 NPY-IR nerve fibers lie at the base of 
the epithelium (E) of this 23 weeks 
old fetal prostatic urethra (X350). 
Fig. 62 NPY-IR nerves form an extensive 
subepithelial nerve plexus in this 30 
weeks old fetal urethral epithelium 
(E) (X350). 
Fig. 63 A single ENK-IR varicose nerve fiber 
is seen coursing through the prostatic 
urethral smooth muscle coat of this 
13 weeks old fetal specimen (XI75). 
Fig. 64 BOM-IR epithelial cells (indicated 
by the arrow) are occasionally 




Fig. 65 An SOM-IR epithelial cell (arrow) is 
seen in this 22 weeks old fetal prostatic 
urethra (X350). 
Fig. 66 Clusters of tightly-packed 
small spherical ganglion cells 
immunoreactive for PGP are seen in 
the pelvic connective tissue in this 13 
weeks old specimen (X45). 
Fig. 67 Two paraganglia intensely 
immunoreactive for DpH-IR are seen 
in this 23 weeks old fetal specimen 
(X90). 
Fig. 68 8 week postnatal specimen. This 
autonomic ganglion contains both 
large and small neurons, the majority 
of which are immunoreactive for 
NPY. Fine varicose NPY-IR nerve 




Fig. 69 TH-immunopositive ganglion cells 
with long axons are seen in this 
autonomic ganglion from a 35 weeks 
old fetal specimen. Large TH-
negative ganglion cells are also 
present (arrow) (X350). 
Fig. 70 Several VIP-IR ganglion cells occur 
in this 30 weeks old fetal specimen. 
Note also the VDP-IR varicose fibers 
within the ganglion (X350). 
Fig. 71 A group of CGRP-IR ganglion cells 
are seen in this 26 weeks old fetal 
specimen (X350). 
Fig. 7 2 Numerous SOM-IR ganglion cells are 
observed in this 26 weeks old fetal 
specimen (X350). 
68 
^ B i f n 
Fig. 73 Autonomic ganglion from a 26 week 
fetal specimen. Numerous VEP-IR 
varicose nerve fibers are seen within 
the ganglion. The majority of the 
ganglion cells are negative for VIP 
but one stains positively (arrow) 
(X350). 
Fig. 74 Numerous CGRP-IR varicose nerve 
fibers and positively stained cells 
occur in this 26 weeks old fetal 
specimen (X350). 
Fig. 75 Pericellular varicose ENK-IR nerves 
are seen surrounding mainly ENK-
negative ganglion cells in this 30 
weeks old fetal specimen (X350^ 
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4.1 Urinary bladder & ureter 
Using the general nerve marker PGP 9.5, the 
results of the present study have shown that autonomic nerves 
are well established within the detrusor muscle of the urinary 
bladder from an early gestational age, in contrast with the vas 
deferens, seminal vesicle and prostate where the innervation 
density gradually develops with advancing fetal age. This 
result may indicate that the fetal bladder is capable of 
neuronally controlled contraction at an early stage of 
development, unlike the musculature of the genital organs. 
Furthermore, as the mass of the detrusor muscle 
increases during fetal development, the density of its 
innervation is apparently maintained at a constant level. The 
arrangement and distribution of the PGP-IR nerves within the 
wall of the fetal bladder is identical with the well documented 
innervation that is known to occur in the adult bladder by 
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localizing acetylcholinesterase (Ek et al. 1977; Aim 1978; 
Benson et al., 1979; Kluck 1980; McConnell et al., 1982; 
Cowan & Daniel, 1983; Dixon & Gosling, 1987; KullendorfF 
et al., 1987). While the latter technique is non-specific and 
may also demonstrate sensory nerves (Burnstock 1978; Chubb 
et al., 1980)，the majority of nerves within the detrusor muscle 
itself are presumed to be cholinergic in type. 
The present results have demonstrated the wide 
spread distribution of NPY-containing nerves within the 
detrusor muscle as early as 13 weeks of gestation, such nerves 
appearing equally as numerous and similarly distributed as the 
PGP-containing nerves within the bladder wall. Thus it may 
well be that NPY resides in the presumptive cholinergic nerves 
which occur in profusion at this stage (Potter, 1988). 
Alternatively the NPY-IR nerves present in the 
detrusor muscle from an early gestational age may form a 
separate nerve population and could possibly be responsible for 
the non-adrenergic, non-cholinergic (NANC) response that has 
been reported to occur in human adult detrusor (Cowan & 
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Daniel, 1983). These workers showed that NPY causes rapid 
smooth muscle contraction when applied to strips of human 
adult bladder muscle following administration of both a 
cholinergic blocker (atropine) and an adrenergic blocker (P-
antagonist) and that this NANC response accounts for about 
�50% of bladder contraction. 
A third possibility is that the NPY occurs in both 
the cholinergic and the NANC nerves within the bladder 
detrusor muscle. Clearly fiirther investigation is required using 
the greater resolution of electron microscopy in order to resolve 
this question. By using gold-labeled antibodies to NPY and 
also choline acetyltransferase (a specific marker for 
cholinergic nerves) on the same thin section, it should be 
possible to determine the precise localization of NPY relative to 
cholinergic nerve terminals. 
In many tissues NPY is well established as a co-
transmitter in sympathetic noradrenergic nerves (Lundburg et 
al. 1983; Lundburg et al. 1986; Lundburg et al” 1990; 
Kasakov et al. 1988). However the sympathetic innervation of 
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the human detrusor muscle is known to be extremely sparse 
(Ek et al. 1977; Kluck 1980; Benson et al. 1979; Jen et al. 
1994) as borne out by the present results since nerves 
containing TH or DpH (enzymes involved in the synthesis of 
catecholamines) were either absent or very infrequent within 
the detrusor of all the specimens examined. Thus the extensive 
NPY-immunoreactivity observed in the urinary bladder at 13 
weeks of gestation is unlikely to be associated with sympathetic 
nerves. As discussed above, NPY either occurs in a separate 
population of axons or more likely is associated with the 
presumptive cholinergic innervation of the detrusor muscle. 
A similar conclusion was reached in a recent study of the 
normal and obstructed adult human detrusor (Chappie et al. 
1992) and a pharmacological investigation in fetal detrusor 
(Mitolo-Chieppa et al. 1983). There is physiological 
evidence to indicate that NPY is an inhibitor of cholinergic 
transmission and probably acts presynaptically (Potter, 1988). 
The present study has examined the distribution of 
TH and DpH-IR nerves in the developing genitourinary organs. 
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Both TH and D(3H are enzymes involved in the synthesis of 
catacholamines and thus nerves containing either TH and/or 
D(5H are generally considered to be noradrenergic in nature. 
Another method that is commonly used to demonstrate 
noradrenergic nerves within tissue sections is the 
formaldehyde-induced fluorescence (FDF) technique for 
catacholamines (Spriggs et al., 1966). Unfortunately this 
method could not be employed with the material used in the 
present study since all the fetuses had been fixed in aldehyde 
prior to receiving them and the FIF technique requires fresh 
frozen tissue in order to work satisfactorily 
Concerning the lower urinary tract, tiie imrnuno-
histochemical techniques employed showed that nerves 
containing TH or DpH were &st demonstrable amongst the 
muscle bundles forming the intramural ureter and superficial 
trigone no earlier that 30 weeks of gestation and, very 
infrequently, among the detrusor muscle at 35 weeks of 
gestation. Observations in the two postnatal specimens showed 
that, in contrast with the detrusor muscle, presumptive 
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noradrenergic nerves innervated the constituent muscle bundles 
of the intramural ureters and the superficial trigone, confirming 
the marked difference in neurological control between these 
regions and that of the detrusor muscle proper (Dixon et al. 
1994). It is interesting to note that PGP-containing nerves were 
present within the intramural ureters and superficial trigone as 
early as 13 weeks of gestation in similar density to that of the 
TH and DPH containing nerves which appeared later. These 
observations suggest that while autonomic nerves which supply 
the intramural ureters and superficial trigone have reached their 
destination by 13 weeks they do not contain sufficient TH and / 
or DpH to be demonstrable by the techniques presently 
employed until 30 weeks of gestation. In a previous study of 
the developing human urinary bladder Wadhwa and Bijlani 
(1984) used the glyoxylic acid method for catacholamines and 
reported the presence of occasional fluorescent noradrenergic 
nerves around blood vessels in the trigone as early as 16 weeks. 
By 25 weeks isolated noradrenergic fibers were also seen in the 
wall of the bladder. Despite the earlier detection of 
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sympathetic innervation to the urinary bladder than that 
presently reported these workers also concluded that the 
sympathetic innervation to the urinary bladder develops later 
than the cholinergic parasympathetic innervation indicating that 
noradrenergic nerves have a relatively minor role to play in the 
neurological control of the lower urinary tract in early fetal life. 
This result directly contradicts the conclusion of an earlier 
study by Hoyes et al. (1973) who employed electron 
microscopy and described nerve terminals in the fetal bladder 
wall which contained small dense-cored vesicles, generally 
considered to indicate noradrenergic nerves. These workers 
suggested the possibility that the innervation of the human fetal 
bladder is derived largely from the sympathetic system. 
However their electron micrographs are far from conclusive 
and the presence of an extensive noradrenergic innervation to 
the bladder does not agree with the known innervational 
patterns of the adult. The results of the present study clearly 
show that while the presumptive cholinergic innervation is well 
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developed at an early gestational age the more minor 
noradrenergic innervation develops much later in fetal life. 
This developmental sequence contrasts markedly 
with presumptive noradrenergic nerves which supply the 
muscle coat of the vas deferens and seminal vesicle, in which 
TH and D|3H-immunoreactivity was observed in the adventitia 
at 13 weeks and throughout the muscle coat of both organs by 
26 weeks of gestation. Thus there is clearly a difference in the 
rate of maturation of those presumptive sympathetic 
noradrenergic nerves which supply the male genital organs and 
those that supply the ureters and superficial trigone. In view of 
the relatively late maturation of the innervation of the ureter-
ovesical junctions when compared with that of the detrusor, it 
is interesting to speculate whether a further delay in the 
development of the noradrenergic control of the intramural 
ureters mi^it predispose the infant to ureteric reflux. Such a 
possibility was alluded to in a recent study in the dog (Kirulata 
et al. 1986) and clearly requires ftirther investigation in 
humans. 
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Returning to the urinary bladder，in most of the 
specimens examined VIP-IR nerve fibers had a similar 
distribution pattern to NPY-IR nerves but were markedly fewer 
in number. In several species including man VIP is thought to 
exert a relaxant effect on the smooth muscle of the bladder, 
perhaps in part by inhibiting the release of acetylcholine from 
postganglionic nerve fibers, thus contributing to the 
maintenance of bladder compliance during the filling period 
(Gu et al., 1983). 
The present results have shown that the 
development of a submucosal nerve plexus within the bladder 
wall lags behind the development of nerves in the detrusor 
muscle. Thus while the detrusor innervation is well established 
at 13 weeks, nerve fibers were not frequently observed beneath 
the bladder epithelium until the 23 week stage, although 
perivascular nerve networks were present in the submucosal 
connective tissue at 17 weeks. 
NPY-, VIP-, SP- and CGRP-immunoreactive 
nerves were all observed in varying amounts beneath the 
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epithelium of the bladder as the development progressed. The 
only other reported study of neuropeptides in the developing 
bladder submucosa was that by Wadhwa and Bijlani (1988) 
who examined the distribution of SP in the fetal bladder aged 
from 12 to 26 weeks of gestation. Their results have been 
confirmed by the present study in that SP-IR nerves are 
relatively scarce in the submucosa, being confined to 
perivascular locations. It has been suggested that SP- and 
CGRP-containing nerves represent primary afferent sensory 
nerves (Gibbins et al. 1985; Burnstock 1986; Maggi & Meli 
1988) and so it is perhaps surprising to find so few nerves of 
this type present in the submucosa. However studies in the 
adult have shown a more extensive SP and CGRP-IR nerve 
network beneath the urothelium (Gu et al.，1984) so clearly the 
fetal bladder differs from the adult in this respect. A paucity of 
SP and CGRP-IR nerves in the fetal and early postnatal period 
may be indicative of a lack of sensory input from the bladder 
which is likely to contribute to immature reflex behavior 
(Maggi &Meli，1986). 
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Both TH- and DpH-containing nerves were 
observed in the submucosa of the 35 week old fetal specimen 
and also the two postnatal specimens. This presumptive 
noradrenergic submucosal nerve plexus was particularly 
prominent in relation to the trigone. While some of these 
nerves were clearly perivascular in distribution, others lay in 
the submucosal connective tissue seemingly unrelated to the 
vascular supply. NPY-containing nerves occurred with similar 
frequency and distribution although adjacent sections 
immunostained for PGP revealed a denser submucosal nerve 
network. These findings indicate the existence of additional 
nerve fibers devoid of any of the neuropeptides currently under 
investigation. In view of their location within the mucosa such 
nerves may perform a sensory function, despite the absence of 
both SP or CGRP which are generally believed to be markers 
for primary afferent fibers. Furthermore the function of the non-
perivascular noradrenergic fibers in the trigonal mucosa in 
intriguing. Whether axoaxonal interactions occur between such 
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nerves and those of other types will only be determined by 
further study using electron microscopy. 
4.2 Vas deferens and seminal vesicle 
In contrast to the bladder, the overall autonomic 
innervation of the vas deferens and seminal vesicle developed 
at a much slower rate. Thus, while PGP-IR nerves were found 
throughout the detrusor muscle at 13 weeks, similar nerves did 
not extend throughout the full thickness of the muscle coat of 
the vas deferens and seminal vesicle until 26 weeks. Also, 
unlike the nerves supplying the bladder the majority of nerves 
supplying the muscle coat of the vas deferens and seminal 
vesicle contained TH and / or DpH and were therefore 
identified as noradrenergic in type. Furthermore these nerves 
possessed both TH and DpH as early as 13 weeks of gestation, 
first appearing in the adventitia of either organ and later 
appearing in the muscle coat. Again this contrasts with the 
situation in the bladder where nerves containing TH and / or 
DpH were not observed in the intramural ureters until 30 weeks 
of gestation and the detrusor muscle until 35 weeks. These 
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results clearly demonstrate that while the development of the 
overall innervation to the vas deferens and seminal vesicle 
occurs at a slower rate than that for the bladder, the enzyme 
constituents of the majority of the nerves supplying the 
genital organs are established much earlier than for the 
relatively few similar nerves supplying the bladder. 
By 26 weeks the density of PGP-immunoreactive 
nerves within the muscle coat of the vas deferens and seminal 
vesicle was similar to those showing immunoreactivity for 
either NPY and D(5H or ENK, It is therefore concluded that 
the majority (if not all) of the noradrenergic neurons supplying 
these two organs also contain NPY and ENK，in keeping with 
noradrenergic nerves in other situations ( Vaalasti et al. 1980; 
Gu et al. 1983; Potter, 1988). 
Concerning the submucosal nerve plexus PGP-IR 
nerves were first observed beneath the epithelium of the 
seminal vesicle at 20 weeks and in the vas deferens at 21 
weeks. Thus, as in the bladder, the development of the 
submucosal nerves lagged behind the development 
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of innervation to the muscle coat，probably reflecting the fact 
that the nerves have to grow from the adventitia through the 
muscle coat to reach the base of the epithelium. In both the 
vas deferens and the seminal vesicle the majority of the 
subepithelial nerves contained NPY although D|3H and ENK 
was completely absent from this location. These results have 
therefore shown that NPY is not confined to the noradrenergic 
nerves supplying the vas deferens and seminal vesicle but also 
occurs in non-noradrenergic, presumptive secreto-motor nerves 
as well. While some of the subepithelial nerves in both the vas 
deferens and seminal vesicle showed immunoreactivity for VIP 
such nerves were relatively sparse in both the fetal and neonatal 
specimens. This contrasts with the situation in the adult vas 
deferens and seminal vesicle where VIP-IR nerves form 
extensive subepithelial plexuses (Vaalasti et al. 
1980; Aim, 1982; Gu et al, 1983; Polak & Bloom, 1984; 
Vaalasti et al. 1986). Either the subepithelial nerves do 
not acquire VIP until adolescence or alternatively a second 
population of VIP-containing subepithelial nerves develops 
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between the neonatal period and adulthood. A similar 
conclusion was reached in a recent study of the vas deferens 
and seminal vesicle in infants and children (Gosling and Dixon, 
1994). Presumably in the fetal and neonatal period the 
epithelium of the vas deferens and seminal vesicle does not 
have the same functional requirements as those of an adult. 
4.3 Prostate 
The development of the autonomic innervation of 
the prostate followed a similar pattern to that for the vas 
deferens and seminal vesicle. At 13 weeks of gestation PGP-IR 
nerves were only present around the periphery (ie. in the 
capsule) of the prostate. As development progressed with the 
formation of prostatic glands and interspersed muscle bundles, 
PGP-IR nerves invaded the gland to innervate the epithelium 
and the smooth muscle cells. Many of the nerves associated 
with the prostate smooth muscle bundles contained DpH, NPY 
and ENK although it was impossible to be certain whether 
there was colocalization within the same nerve fiber (Crowe et 
al., 1991). In contrast many of the subepithelial nerves of the 
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prostate contained NPY wMe a less dense plexus contained 
VIP but D(JH was absent from this location. As in the vas 
deferens and seminal vesicle, the subepithelial nerves of the 
prostate are believed to perform either a secretomotor and / or 
vasodilator role. The majority of such nerves in the fetal 
specimens contained NPY with a smaller proportion containing 
VIP, possibly co-localized with NPY. In the adult prostate an 
extensive plexus of VlP-containing subepithelial nerves has 
been described (Vaalasti et al. 1980; Crowe et al. 1991) far 
more extensive than that observed within the present 
study. Thus, as in the vas deferens and seminal vesicle, it 
appears that the peptide content of the subepithelial nerves of 
the fetal prostate differs from that of the adult, possibly 
reflecting different functional requirements of the prostatic 
epithelium between the fetal and adult states. 
Scattered epithelial cells in the prostatic urethra 
were observed to possess immunoreactivity to BOM at 20 
weeks of gestation and at 22 weeks occasional cells were found 
to stain positively for SOM. Similar cells were also present 
85 
throughout the epithelium lining the seminal vesicle from 23 
weeks onwards. These distinctive cells appear identical to 
those previously reported to occur in the adult male prostate 
and urethra (Lendon et al. 1976; Di Sant，Agnese & Jensen， 
1984; Di Sant，Agnese et al. 1985; Di Sent’ Agnese 1986; Di 
Sant’ Agnese & Jensen 1987) which are considered to be 
endocrine-paracrine in nature and belong to a much larger 
group of cells known as APUD cells. APUD refers to a 
unifying feature of these cells，namely Amine Precursor Uptake 
and Decarboxylation，and they are believed to form a diffixse 
regulatory system which modulates and integrates the functions 
of tiie various organs in which they occur. In the adult prostate 
and urethra these cells have been shown to contain serotonin as 
well as calcitonin, bombesin and somatostatin. In the present 
study the SOM-IR and BOM-IR cells occurred with similar 
frequency from 23 weeks onwards and it is possible that SOM 
and BOM are co-localized within the same cell although no 
conclusive evidence was obtained to demonstrate this. Both 
the SOM- and BOM-IR cells were all of the ‘open types', ie. 
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they extended throughout the M thickness of the epithelium. 
In the adult it has been suggested that these cells influence 
prostatic secretions but whether they perform a similar function 
in the fetal prostate is open to speculation. However the fact 
that they are present from as early as 20 weeks of gestation is 
an intriguing finding. 
4.4 Autonomic ganglia 
Numerous autonomic ganglia immunoreactive for 
PGP were present in many of the sections examined in the 
present study. Many lay lateral to the bladder neck while 
others occurred on the posterior aspect of the trigone and the 
posterior and lateral aspect of the prostate in close proximity to 
the vas deferens and seminal vesicle. These ganglia, together 
with their associated nerve trunks, formed the developing 
pelvic plexus, the nerve cells of which project to the urinary 
bladder and genital organs. Two types of nerve cells have been 
described in these ganglia (Gosling and Thompson 1977), 
namely large acetylcholinesterase-positive (presumptive 
cholinergic) neurons and smaller noradrenaline-containing cells 
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which correspond to the 'short' noradrenergic neurons present 
in many mammalian species as well as the human. The two 
sizes of nerve cell were confirmed in this present study, being 
more apparent in the older fetal specimens and the postnatal 
specimens. Furthermore the majority of the large size neurons 
lacked TH indicating their non-noradrenergic nature, but 
contained NPY, in agreement with the concept discussed 
earlier of this neuropeptide being possibly co-localized in 
presumptive cholinergic nerve cells projecting into the detrusor 
muscle. The majority of the smaller neurons contained TH, 
thus supporting their noradrenergic nature. By conducting cell 
counts on random sections through numerous ganglia it was 
possible to get an estimate of the relative proportion of the 
presumptive cholinergic and noradrenergic neurons. On 
average approximately 56% of the nerve cells were TH-positive 
(ie. presumptive noradrenergic) and approximately 44% were 
TH-negative (ie. presumptive cholinergic). 
Interestingly those ganglia lying closer to the 
urinary bladder contained more than 50% of cholinergic cells, 
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possibly reflecting the fact that the major innervation to the 
bladder is cholinergic in type. In contrast, ganglia situated 
closer to the vas deferens and seminal vesicle contained only 
25% of cholinergic neurons, the remaining 75% containing TH 
and thus being identified as noradrenergic. This may reflect the 
finding that the major component of innervation to the genital 
organs is noradrenergic in type. Many of the larger neurons 
stained positively for VIP of CGRP as did some of the smaller 
neurons and some cells were SP positive. Clearly much more 
work is required using double labelling techniques to 
determine the patterns of peptide co-existence and thereby 
fiirther categorize the nerve cells within the pelvic plexus. 
Concerning the intraganglionic nerve terminals 
many were ENK-IR, especially those surrounding the larger 
presumptive cholinergic neurons. ENK is known to inhibit the 
presynaptic release of acetylcholine from cholinergic synapses 
(Kawatani et al. 1983) and thus ENK may have a direct 
modulating effect on preganglionic neurons as suggested 
by Kohno et al. (1989). 
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Much less numerous were the VIP- and CGRP-IR 
pericellular terminals which may have originated from VIP- or 
CGRP-IR cell bodies within the same or adjacent ganglia. 
Very occasional SP-IR nerve terminals were also observed 
within some of the ganglia. SP is known to be present within 
sensory fibers and it is possible that the SP positive terminals 
presently observed may represent collaterals of primary sensory 
neurons as suggested for other autonomic ganglia (Matthews & 
Cuello, 1982). Thus SP may possibly modulate ganglionic 
activity by operating via a reflex loop involving the target 
organs and their associated ganglia. 
The presence of paraganglia in association with 
pelvic autonomic ganglia in both fetus and neonate has been 
reported previously (Thompson & Gosling, 1976; Gosling & 
Thompson, 1978). In this latter study small pacinian-like 
corpuscles were described in association with the paraganglion 
cells and it has recently been suggested that the paraganglion 
cells may induce the formation of the pacinian corpuscles 
during fetal development (Dixon et al. 1992). However in the 
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present study clearly recognizable pacinian corpuscles were not 
observed within any of the paraganglia of the fetal specimens. 
The paraganglion cells are known to be a rich source of 
noradrenaline and are believed to persist into adulthood since 
small clusters of paraganglion cells have been described in 
adult detrusor muscle (Vaalasti et al. 1985) where they form a 
mini-endocrine system. 
In conclusion, the present study has provided new 
data on tiie development of autonomic nerves and their content 
of neuropeptides in the human male genitourinary system. A 
number of differences have been found between the distribution 
of neuropeptides in the fetal tissues and those previously 
reported for adult organs, such differences probably reflecting 
the different functional activity between the immature and 
mature states. The results of this study have also served to 
highlight a number of questions concerning the precise 
localization of peptides within the 'classical' noradrenergic and 
cholinergic nerves which will require further study for their 
resolution. Only by correlating the results of morphological 
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studies with the increasing volume of pharmacological data will 
a fuller understanding of the role of neuropeptides in the 








The present study has focused on male fetal and 
neonatal specimens. Clearly a similar study is required in 
female fetal and neonatal specimens in order to determine the 
spatial and temporal distribution of neuropeptides and neuro-
markers in the uterus, uterine tubes and vagina. While studies 
of this type have been carried out in a variety of animal species 
there appear to be no documented accounts of detailed studies 
using fetal and neonatal human female tissues. Furthermore the 
late onset of development of noradrenergic innervation to the 
lower urinary tract as presently demonstrated in the male 
would hopefixlly be confirmed in the female. In addition 
comparison of the results obtained from studies of the human 
male and female genitourinary system might reveal possible sex 
differences in the neuropeptide distribution pattern within the 
lower urinary tract. Previous studies have demonstrated 
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differences in the density of the noradrenergic innervation 
between the male and female bladder neck (Gosling et al., 
1977) so that differences in the distribution of neuropeptides in 
the lower urinary tract between males and females is a distinct 
possibility. 
It is apparent from the results obtained so far that 
the autonomic ganglion cells that form the pelvic plexus contain 
various combinations of neuropeptides which should enable 
them to be further divided into subgroups within the classical 
cholinergic and noradrenergic types. A detailed study of these 
cells using double-labelling immunofluorescence techniques is 
required to define these subgroups in the human. Similar 
studies have already been reported in the rat and guinea-pig 
(Dhami & Mitchell，1994) where retrograde labelling 
experiments have been used to identify the target organ of 
specific subgroups of neurons. 
Pharmacological experiments have implicated 
nitric oxide (NO) as a possible neurotransmitter for non-
adrenergic, non-cholinergic inhibitory nerves (Dawson et al., 
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1992; Rand 1992; Hashimoto et al., 1993; Talmage & Mawe, 
1993; Smet etal., 1994)，although it is not known whether NO 
mediates inhibitory transmission in the genitourinary organs. 
Numerous studies have demonstrated that nicotinamide adenine 
dinucleotide phosphate diaphorase (NADPHd) may be identical 
to nitric oxide synthase, the synthesizing enzyme for NO. A 
histochemical method is available for the localization of 
NADPHd, so using this technique in combination with double 
and even triple labelling immunohistochemistry on neurons in 
the human pelvic ganglia would provide some valuable data. 
While double-labelling immunofluorecence studies 
would provide information on the coexistence of neuropeptides 
within nerve cell bodies，the results of similar studies applied to 
nerve fibers might not be so clear-cut, since the resolution of a 
light microscope cannot differentiate between a single axon and 
two or more adjacent axons lying parallel to one another. Thus 
in order to investigate the coexistence of neuropeptides within 
nerve axons one would have to utilize the much greater 
resolution of electron microscopy. Immuno-labelling at the 
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electron microscope level is carried out using spherical gold 
particles and particles of different sizes may be used to label 
different neuropeptides on the same thin section. 
As mentioned in the Discussion this technique 
could be used to label antibodies to NPY and also choline 
acetyltransferase (a specific marker for cholinergic nerves) in 
order to determine whether NPY resides within cholinergic 
nerves supplying the detrusor muscle or is present in a separate 
population of nerve fibers. Clearly, other possible 
combinations of coexistent neuropeptides within nerves 
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